(b) Expression of ChR2 in hippocampal axons of MS neurons. MS-Hip projections terminate preferentially in str. oriens, followed by str. radiatum and str. lacunosum-moleculare. Orstr.oriens, Pyr -str.pyramidale, Rad -str. radiatum, LMol -str. lacunosum-moleculare. (c) Distribution of LFP power (color axis) in various recording epochs during optostimulation at different frequencies. Note that optogenetic stimulation is most efficient within the theta frequency band (6-12 Hz), individual power spectra (rows) in these plots were ordered according to entrainment fidelity. During stimulation at 4 Hz hippocampal oscillations were entrained at the stimulation frequency only in ~63% of recording epochs, during stimulation at 2 Hz -only in ~29% (N=9 mice). For stimulation frequencies outside the theta band (2, 4, 20 Hz), rows were ordered according to frequency of the dominant power spectral peak. (d) Cumulative theta power in dorsal (dHip) and intermediate-ventral (vHip) hippocampus during spontaneous theta (black and brown bars) and optogenetic entrainment of dHip theta (blue and green bars). Theta power was higher in dHip than in vHip both during optogenetic dHip entrainment (p=0.0063) and during spontaneous theta oscillations (p=0.0063). Optogenetic entrainment affected neither this power relation (F 1,15 =0.25, p=0.622) nor coherence between dHip and vHip (p=0.31, signed rank test). See also Supplementary Fig.  5 . (e) An example of an isolated single CA1 pyramidal cell. Average spike waveforms (middle) recorded using a silicon probe, which image is shown to the left, and the corresponding autocorrelogram (right). Bin width, 1 ms. (f) Rhythmic changes of pyramidal cells' firing probability during spontaneous (Pyr, black, n=29 neurons) and optogenetically entrained (blue, n=30 neurons) theta oscillations. Black dotted line -reference oscillation cycle. Preferred discharge phases were not significantly different (p=0.79). (g) Auto-correlogram of a fast-firing interneuron (Int. (fast-fir.), firing rate 17 Hz) (left) and rhythmic changes of its firing probability (right) during spontaneous (black line) and optogenetically entrained (blue line) theta oscillations. Below: LFP traces showing spontaneous (left) and optogenetically entrained (right) theta oscillations from this experiment. (h) Average auto-correlogram (left) and changes of firing probability of fast-firing interneurons during spontaneous (black) and optogenetically entrained (blue) theta oscillations (right, n=28 neurons). In both conditions fast-firing interneurons discharged preferentially during the descending part of the theta cycle (preferred phases, p=0.97) . (i) Average auto-correlogram of neurons recorded from str. oriens, which preferentially fired close to the theta trough during baseline recordings (Int (Str. or., theta trough), left). Changes of firing probability (middle) and histograms of preferred discharge phases (right) during spontaneous (black) and optogenetically entrained (blue) theta oscillations (preferred phases: p=0.56, n=10 neurons). Criteria for assignment to this group were derived from recordings of identified oriens-lacunosum moleculare (O-LM) cells 21, 22 : these units were recorded in CA1 str. oriens (based on the electrodes' positions, oscillatory LFP landmarks and absence of concurrent pyramidal cell discharge 20 ), had their preferred firing phase within ±30 degrees from the theta trough during baseline recordings, typical for interneurons distributions of interspike intervals (assessed by auto-correlations, left plot) and average firing rates above 3 Hz. (j) Average firing rates of hippocampal pyramidal cells (p=0.98, n=11), fast-firing interneurons (p=0.96, fast-fir., n=28) and str. oriens, theta trough interneurons (p=0.85, str. or., theta trough, n=10), before and during optogenetic entrainment at 7 Hz. Data are presented as mean±s.e.m. (left, coherence, p=0.69; right, sparsity, p=0.41 Supplementary Fig. 4a for the analysis of speed during optogenetically entrained and spontaneous, not stimulation-frequencymatched, 5-10 Hz theta episodes. 
p=0.027).
Since distributions were estimated to have different variances (see Supplementary Fig. 4h ), the p-value represents the probability of the F-statistic in a distribution generated by ANOVA repetitions with within-subject permutation between factors' two levels (5000 permutations -0.84, p=0.0051 and r=-0.84, p=0.0046, respectively, n=79 recording sessions, N=8 mice). is theta amplitude variability and y is running speed variability (coefficient of variation). The dependence of running speed variability on theta amplitude variability did not differ for spontaneous (n=384 recording epochs, N=8 mice) and optogenetically entrained (n=818 recording epochs, N=8 mice) hippocampal theta (F 4,10 =0.98, p=0.46, F-test) . where x is theta amplitude variability and y is running speed.
The dependence of running speed on hippocampal theta amplitude variability did not differ for spontaneous (n=384 recording epochs, N=8 mice) and optogenetically entrained (n=818 recording epochs, N=8 mice) hippocampal theta (F 4,10 =2.14, p=0.14, F-test). 
Fig. 4g:
Running speed following intra-LS CNO or vehicle administration. Two-way repeated measures ANOVA, with factors "experimental subject" and "drug treatment (intra-LS CNO or vehicle)", revealed that running speed was significantly increased following CNO administration in comparison to vehicle administration both in the overall running speed data (see Supplementary Figure 6f ) and in the shown on the Fig. 4g subset of recording epochs, in which average running speed following vehicle administration was similar to that in Fig. 2c, Fig. 4f ,n, i.e. >5 cm s Optogenetic entrainment affected neither this power relation (F 1,15 =0.25, p=0.622) nor coherence between dHip and vHip (p=0.31, signed rank test, N=3 mice, n=5 recordings). Supplementary Fig. 2f ,h: see Fig. 1f . Supplementary Fig. 2i : Preferred theta phases of single-and multi-unit putative Two-way ANOVA, with factors "experimental subject" (random factor, different mice in groups) and "yellow light (off vs. intra-LS in eNpHR3.0 (-) mice vs. dummy patch cord in eNpHR3.0 (+) mice)" (fixed factor), revealed no differences in running speed variability (F 2,66 =0.037, p=0.96, N=13 mice). 
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